Supplementary Methods Information

Ab initio determination of pKa
In order to confirm the protonation state of the azabenzimidazole ring of DB2277, we used the Born-Haber thermodynamic cycle depicted in Figure S3A [1] . Accordingly, the definition of ΔG 0 is given by # = − '()* ( ) + *01 ( 2 ) + *04 # + '()* ( 5 ) + '()* ( 6 7 )
where both − '()* ( ) and '()* ( 5 ) are taken into account to determine the energy difference between optimized geometries in the solution and gas phases ( 9:)0; ) in accordance with . The pKa is related to ΔG 0 through = #
2.303
The values for *01 ( 2 ) and '()* ( 6 7 ) are -6.28 kcal/mol and -264.61 kcal/mol, respectively.
Additionally, we accounted for our experimental conditions of 1 atm at 310 K to make the final expression for the determination of pKa to be All calculations were performed using the 6-31G+* basis set at the B3LYP DFT level of theory in Gaussian09. We first built DB2277 in four different protonation states on the azabenzimidazole ring: (1) doubly-protonated at N3 and N2, (2) singly-protonated at N3 (3) singly-protonated at N2 and (4) completely de-protonated. Each molecule separately underwent geometry optimization using the polarizable continuum model (PCM) [2, 3] as implemented in Gaussian09 to mimic solution phase conditions. Then the molecule was transferred to the gas phase and the internal energy was calculated while it maintained the PCM optimized configuration. Geometry optimization of the molecule was then performed in the gas phase starting with the optimized PCM structure. The difference in energy between geometry optimized gas phase structure and PCM structure is the relaxation energy, 9:)0; . Calculation of the optimized geometries allowed us to compute theoretical pKa values using the Born-Haber thermodynamic cycle. Results can be found in Table S3 and Figure S3B . Figure S13 Torsional angles of DB2277 Figure S14 Restricted rotation of amidine-1 due to hydrogen bond formation with the floor of the minor groove. It is interesting to note that the phenyl group of the ATATGCATAT sequence is rotated 180° relative to other conformations. In this wide minor groove, the planar conformation of DB2277 is altered to better accommodate hydrogen bond formation.
Figure S15
Restricted bond rotation on either side of the ether functional group is due to electrostatic repulsion between O1 and N1. See Table S1 for further details.
Figure S16 Rotational freedom of the phenyl group relative to the methyl-ether bond. In the non-palindromic sequences, the minor groove collapses around the small molecule and the amidine group of amdine-2 forms numerous water-mediated contacts. This restricts the rotation of the phenyl group to preferred orientations (A, B, C). Amidine-2 in the palindromic sequences is more dynamic as it is more solvent exposed compared to in the non-palindromic sequences. The minor groove is unable to collapse around the small molecule and it forms less persistent direct and indirect bonds. This results in greater rotational freedom (D, E, F).
Figure S17 Rotational angles of aminide-2 show influence of water mediate contacts on small molecule rigidity. In the non-palindromic sequences, the minor groove collapses around the small molecule, aiding in contact formation and decreases the rotational freedom (A, B, C). In the palindromic sequences, the minor groove does not collapse around the small molecule and the contact formation is more transient resulting in greater rotational freedom (D, E, F).
